Abstract
INTRODUCTION
The incidence of inflammatory bowel disease (IBD) is high in North America and Nordic countries, but lower in Asia. However, increasing incidence of IBD has been observed over the past few decades in parallel with better living standards and advances in diagnostics for IBD [1] . Current knowledge on the specific etiopatho genesis of IBD is still poorly understood. In general, however, IBD is considered to have several risk factors, including environmental, genetic, infectious and immune contributors [2] . The increasing incidence of IBD in developing countries indicates that progression of IBD epidemiology is associated with westernization and industrialization [3] . IBD is not only a polygenic disease, but also displays genetic heterogeneity. A recent study found that intraintestinal interaction of symbiotic gut bacteria is genetically determined and associated with epithelial dysfunction, which further induces IBD [4] . Thus far, no specific pathogens have been found to be associated with IBD. However, in an immunodeficient animal model of IBD, researchers found that intestinal inflammation did not occur in a sterile intestinal environ ment [5] , suggesting that infective factors may play a key role in IBD pathogenesis.
More than 200 species in approximately one hundred trillion numbers constitute the characteristic distribution of commensal bacteria in a healthy human; of these, 99.9% of the bacteria grow on the intestinal mucosal surface, and along with those in feces, comprise three main speciesbifidobacteria, Escherichia coli, and Bacteroidesfragilis [6] . Lowgrade chronic inflammation in the intestinal lamina propria of healthy patients confers immune tolerance through various antibodies. However, such intestinal immune tolerance may be absent in patients with IBD, with resultant activation of intestinal mucosal immune response in the absence of a selflimiting mucosal immune response. Deficits in intestinal immune tolerance may majorly be attributed to intestinal flora imbalance [7] . Gut bacteria compete for nutrients and space with foreign pathogens in the intestinal environment, thereby effecting biological antagonism through inhibiting foreign pathogens from adhering to the intestinal mucosa [8] . Moreover, normal flora can promote the development of immune pathways and activation of macrophages to resist damage caused by foreign pathogens [9] . The intestinal epithelial barrier forms the first line of defense against invading pathogens. Several types of pattern-recognition receptors (PRRs), including a group of signaling tolllike receptors (TLRs) found in epithelial cells, play an important role in the in testinal mucosal immune system [10] . They facilitate recognition of microorganisms; for instance, TLR2 recognizes Grampositive bacterial peptidoglycan, TLR4 recognizes lipopolysaccharide of Gramnegative bacteria, and TLR9 recognizes CpG DNA sequences of microorganisms [11] . Pathogenassociated molecular patterns (PAMPs) are recognized by TLRs and other PRRs [12] . Distinguishing between intestinal commensal bacteria and pathogens by intestinal epithelial cells (IeCs) is a prerequisite for immune surveillance, although their mechanism of action is unclear.
Bifidobacterium, a bacterial commensal, reduces release of endotoxins through reduction of superfluous Gramnegative bacilli to normal levels, thereby functioning as a detoxifying agent [13] . Acidic products produced by protective bifidobacterium are essential to maintain normal intestinal conditions and improve mediation of intestinal defense by epithelial cells [14] . Furthermore, cholesterol in the intestine is converted to cholestane and fecal alkyls by acidic products generated by bifidobacterium [15] . In recent years, increasing attention has been paid to bifidobacterium based therapy due to its stable efficacy and fewer side effects. Bifidobacterium has been used to treat diarrhea, IBD and other disorders of digestion [1619] . This study was conducted to investigate the role of intestinal commensal bacteria in inducing immune tolerance and IBD pathogenesis. To evaluate intestinal barrier function, four different subtypes of bifidobacteria and the ePeC endotoxin were used to induce effects in rat normal small IeC18, and their transepithelial electrical resistance (TeeR) was detected after intervention. Changes of TLR2 and TLR4 expression levels were investigated to evaluate the effect of bifidobacteria on immune signal recognition and transduction in IeCs. Quantitative real-time polymerase chain reaction(qRT-PCR) assays for detection of mRNA expression levels of TLR2 and TLR4 in rat IEC-18
MATERIALS AND METHODS

Materials and groups
In order to obtain optimal conditions for the inter vention, IeC18 cells were cultured in 6well plates and treated with ePeC endotoxin at three different concentrations (0.5, 1 and 5 mg/mL) and with four different kinds of bifidobacteria (B. infantis, B. longum, B. bifidum and B. youth), with each subspecies diluted 100fold and 300fold, respectively. Then the cells were cultivated in a 37 ℃ humidified atmosphere, consisting of 95% air and 5% CO2. After intervention for 4, 8, 12 and 16 h, levels of TLR2 and TLR4 mRNA were detected in each intervention group by using qRTPCR. Briefly, total mRNA was extracted from each intervention group using TRIzol reagent (Invitrogen Corp, Carlsbad, CA, United States) according to the manufacturer's instruction. One microgram mRNA was used for cDNA synthesis in the PrimeScrip RT Reagent Kit (Takara Biotechnology, Dalian, China) under the following conditions: reverse transcription at 37 ℃ for 25 min, followed by incubation at 85 ℃ for 5 s in 20 μL reaction volume. Then, realtime PCR based on SYBR premix eX TAQ was conducted to quantify mRNA levels on the ABI StepOnePlus RealTime PCR System (Applied Biosystems Inc, Foster City, CA, United States) under the following conditions: denaturation at 95 ℃ for 30 s, followed by 40 cycles of amplification (95 ℃ for 5 s, and 60 ℃ for 30 s). Primers were designed using NCBI PrimerBLAST as follows: TLR2 (forward, 5'TGGAGGTCTCCAGGTCAAATC3'; reverse, 5'ACAGAGATGCCTGGGCAGAAT3'); TLR4 (forward, 5'TCCCTGCATAGAGGTACTTC3'; reverse, 5'CACACCTGGATAAATCCAGC3'), GAPDH (forward, 5'TCTTCCAGGAGCGAGATCCC3'; reverse, 5'TTCAGGTGAGCCCCAGCCTT3'). Cycle threshold (CT) values were standardized to CT values of GAPDH, and 2
ΔΔCT was used to determine foldchange differences between intervention groups.
Western blot for detection of TLR2 and TLR4 protein expression in rat IEC-18
Based on the results obtained from qRTPCR of TLR2 and TLR4 mRNA expression postintervention in all the study groups, we obtained the optimal values of ePeC endotoxin concentration, bifidobacteria dilution concentrations, and duration of action. Thereafter, we conducted tests with these optimal concentrations of ePeC endotoxin and four different strains of bifidobacteria at the optimal duration of action, and expression levels of TLR2 and TLR4 proteins were detected in each group using western blotting. Briefly, total protein was extracted from each group using RIPA buffer (SigmaAldrich) in accordance with the manufacturer's instructions. Protein con centration was determined with the BCA Protein Assay Kit (BosterBio, Wuhan, China). For this, protein samples were resolved on a 10% SDSPAGe (Bio Rad, Hercules, CA, United States) and transferred to polyvinylene difluoride membranes (Millipore Corporation, Billerica, MA, United States). These blotted membranes were blocked with TBST buffer supplemented with 5% fatfree milk for 2 h at room temperature, and incubated with primary rabbit polyclonal antibody TLR2 and TLR4 (1:2000 dilution; Abcam Inc, Cambridge, MA, United States) overnight. GAPDH (BosterBio, Wuhan, China) was used as a loading control. Thereafter, these membranes were washed and incubated with peroxidaseconjugated secondary antibodies (BosterBio, Wuhan, China) for 2 h at room temperature according to the manufacturer's instructions. Then the membranes were washed thrice with TBST for 10 min each at room temperature to terminate the reaction. Immunoreactive bands were visualized by enhanced chemiluminescence TLR2 mRNA expression was significantly higher in the 1 mg/mL and 5 mg/mL ePeC endotoxin groups, as compared to the 0.5 mg/mL ePeC and control groups (P < 0.05; Figure 1A ). However, TLR2 mRNA expression did not differ considerably between the 1 mg/mL and 5 mg/mL ePeC groups (P > 0.05; Figure 1A ). After treatment for 8 h and 16 h, TLR4 mRNA expression was significantly upregulated in the 5 mg/mL ePeC group, as compared with that in the 0.5 mg/mL and 1 mg/mL ePeC groups and normal controls (P < 0.05; Figure 1B ). However, there were no remarkable betweengroup differences in TLR4 mRNA expression among the different ePeC groups following intervention for 4 h and 12 h (P > 0.05; Figure 1B ). We determined that the optimal ePeC endotoxin concentration was 5 mg/mL and optimal treatment duration was 16 h. qRTPCR of IeC18 cells posttreatment with ePeC endotoxin (0.5, 1 and 5 mg/mL) and with four different types of bifidobacteria diluted 100fold and 300fold at different time points, revealed that the optimal bifidobacteria dilution concentration was 300fold.
Next, we applied these optimal parameters (ePeC endotoxin 5 mg/mL, four different strains of bifidobacteria diluted 300fold, for 16 h) and evaluated TLR2 and TLR4 protein expression (Figure 2 ). TLR2 and TLR4 mRNA expression was significantly up regulated in the 5 mg/mL ePeC group, as compared with the control group (P < 0.001; Figure 2 ). TLR2 mRNA expression in the B. infant, B. longum and B. youth groups were significantly lower than in the control group (P < 0.05), although reduction in expression levels in the bifidum group did not reach significance (Figure 2A) . Moreover, TLR4 mRNA expression in the B. bifidum and B. youth groups were significantly lower than in the control group (P < 0.05; Figure 2B ).
TLR2 and TLR4 protein expressionin the intervention and control groups
After treatment with ePeC endotoxin (5 mg/mL) and using SuperSignal West Pico Trail Kit (ThermoFisher, Rockford, IL, United States), and the intensity of the detected bands was analyzed using Image J software. 
Measurement of epithelial cell membrane
Statistical analysis
All data were analyzed using SPSS 16.0 for Windows (SPSS Inc, Chicago, IL, United States). Betweengroup comparisons were conducted by twoway ANOVA. Three replicate wells were tested per assay, and each experiment was performed in triplicate. All statistical tests were twotailed, and statistical significance was assumed for values with P < 0.05.
RESULTS
mRNA expression levels of TLR2 and TLR4
TLR2 mRNA expression was significantly increased after intervention with ePeC endotoxin at 12 h and 16 h, as compared with the control group (P < 0.05; Figure 1A ). However, TLR2 mRNA expression did not change markedly in the intervention groups treated for 4 h and 8 h (P > 0.05; Figure 1A) . Moreover, TLR4 mRNA expression was highest in the 16h intervention groups (P < 0.05; Figure 1B) . After treatment for 16 h, four different bifidobacteria strains (diluted 300fold) for 16 h, TLR2 and TLR4 protein expression in the ePeC groups were significantly higher than in controls (P < 0.05; Figure 3 ). TLR2 protein expression in the B. infant, B. longum and B. youth groups were lower than those in the control group (P < 0.05; Figure 3 ). TLR4 protein expression in the B. bifidum and B. youth groups were downregulated in comparison with that in the control groups (P < 0.05; Figure 3 ).
Changes in IEC membrane resistance
The TeeR in the B. infantis, B. longum, B. bifidum and B. youth groups decreased by only 19%, 18%, 23% and 23%, respectively, postintervention for 120 min compared with the control group. However, the TeeR in the ePeC endotoxin intervention groups reduced significantly by 67%, as compared with the control group (P < 0.05; Figure 4 ).
DISCUSSION
Recent studies have shown that infective factors may play a key role in the pathogenesis of IBD, and that changes in the composition of intestinal microbiota are closely correlated with IBD progression [17] . In addition, it has been suggested that probiotics can potentially influence equilibrium of commensal and pathogenic bacteria, and thereby destroy homeostasis in inflammatory conditions [13] . Moreover, probiotics modulate intestinal mucosal immune function, which plays a protective role in maintaining the intestinal barrier function [20] . Therefore, we focus on under standing the role of probiotics in the induction and maintenance of IBD remission and discuss their influence on gut microbiota.
Besides bifidobacteria, lactobacilli, and other probiotic organisms, a large number of opportunistic pathogens exist as intestinal commensals. Immune stimulation from microbial antigens, food antigens, and allergens occur in intestinal epithelial tissue all the time, leading to different immune responses. Although there are various pathogenic bacteria in the intestinal epithelial tissue of the healthy population, these people seldom fall sick, which is attributed to immune tolerance and homeostasis. Moreover, macro biotic imbalance will induce loss of intestinal immune tolerance and immune homeostasis and induce a series of immune responses, which eventually damages normal tissue. To investigate the effect of bacteria and probiotic interventions on intestinal immune barrier function and the signal transduction pathway,we estab lished an in vitro normal intestinal immune system experimental model using the probiotic bacterial species bifidobacterium and toxins from ePeC.
Probiotics are defined as "living microorganisms which, when administered in adequate amounts, confer a health benefit on the host" [17] . Probiotics, as a food additive, are being adopted extensively and can help improve imbalances of intestinal flora induced by antibiotic use or by pathologic conditions, particularly IBD [2, 20] . Probiotics can prevent or improve diarrheal symptoms, alleviate symptoms of lactose intolerance, enhance the immune system, and promote intestinal digestion and absorption of nutrients [7] . Therefore, research on the mechanism of action of probiotics will be beneficial to understand the etiopatho genesis and treatment of IBD, and could potentially be applied as a preventive measure against IBD. In addition to important applications in the treatment of gastrointestinal diseases, probiotics may have beneficial therapeutic effects on other systemic diseases, such as diabetes and disorders of the reproductive system.
Bifidobacterium is an anaerobic Grampositive bacteria, with 32 subspecies, of which 28 subspecies have been detected in the human gut [13] . Intestinal bifidobacteria appear within 3 to 4 d postnatally, and bifidobacteria comprise approximately 25% of total intestinal bacteria [20] . The number of bifidobacteria reduce gradually with increasing age, and decrease to 7.9% in individuals over age 65 [20] . Reduction in the number of bifidobacteria is suggested to be an indicator of lack of health [21] . ePeC was first discovered as a causative agent of diarrhea in epidemiological studies. Considerable ePeC proliferation occurs on mucosal surfaces of the duodenum, jejunum and ileum. The adhesion of ePeC to microvilli can lead to brush border damage, atrophy of microvilli, epithelial cell disorder and dysfunction, and, eventually, diarrhea [12] . ePeC and opportunistic pathogens grow in the normal intestine; however, when immune function is impaired, these bacteria can cause disease.
Due to a complicated interaction between the pathogen and the host immune system in microbial infection, microorganisms express a large amount of special molecules, such as the viral nucleic acid sequences known as the PAMPs [10] . PAMPs are recognized by a number of receptors, including PRRs. Following PAMP recognition by PRRs, downstream signaling pathways activate innate immunity and cell functions such as phagocytosis and release of inflam matory cytokines, which are important for a balanced adaptive immune response against pathogens [22, 23] . TLRs appear to be the most important members of the PRR family; furthermore, TLR2 and TLR4, two main subtypes of the TLR family, play a key role in the maintenance of intestinal epithelial homeostasis [24] . Previous studies have shown that high expression of TLR2 and TLR4 is significantly associated with increased risk of IBD [25, 26] . Activation of TLR4 by pathogenic bacteria damages the mucosal barrier function, facilitating pathogen translocation from the gut and release of proinflammatory factors, such as interleukin (IL)1, IL6, and tumor necrosis factor alpha [15, 24, 27] . Therefore, TLR2 and TLR4 were selected in this research to validate the effect of intervention on intestinal immune barrier function and the signal transduction pathway, as well as to further study the mechanism of immune responses in the gut.
ePeC is highly pathogenic, and culturing IeC cells with live ePeC induces cell death. ePeC endotoxin, the main PAMP, is present in the cell wall of Gramnegative bacteria, whereas exopolysaccharide, a secretory product expressed by bifidobacterium during proliferation and death, is found in Grampositive bacteria. Therefore, ePeC endotoxin and live bifidobacterium were selected as interventional agents for use in IeC18 cells. Due to the uncertain effects of ePeC endotoxin and bifido bacteria in IeC18 cells, it was necessary to treat the IeC18 cells with different concentrations of ePeC endotoxin (0.5, 1 and 5 mg/mL) and four different kinds of bifidobacteria, diluted 100fold and 300fold, at different time points to identify the optimal ePeC endotoxin treatment concentration, bifidobacteria diluted concentration, and duration of action.
Following intervention with the optimal concentra tion of ePeC endotoxin (5 mg/mL) and four different strains of bifidobacteria(diluted 300fold) for 16 h, TLR2 and TLR4 mRNA and protein expressions were upregulated in the ePeC group but downregulated in some bifidobacterium groups, as compared with those in the normal control group. From these results, we infer that after IeCs are stimulated by pathogenic bacteria, bifidobacteria can induce immunologic tolerance to those bacteria through downregulation of TLR2 and TLR4 expression or compete with patho gens for binding TLRs to prevent TLRmediated inflammation. Therefore, bifidobacteria can provide a protective role or benefit through inhibition of inflam mation in patients with IBD. In our study, the TeeRs in the B. longum, B. infantis, B. bifidum and B. youth groups were decreased only by 18%, 19%, 23% and 23%, respectively, after 120 min of intervention, as compared to the normal control group. However, the TeeR in the ePeC group was reduced significantly by 67%. The TeeR is inversely proportional to cell membrane permeability, and decreased TeeR would lead to gap junction damage, increase cell osmotic pressure, and increase cell permeability; this could further result in pathogen penetration of the cell barrier and consequent inflammation [28, 29] . These results indicate that ePeC may increase cell membrane permeability, thus playing a pathogenic role in patients with IBD. However, bifidobacteria exert a protective role in preventing penetration of pathogenic bacteria by the natural barrier function of the IeC. The lack of animal experimental model could be considered a major limitation of this study. Therefore, additional in vivo experiments should be conducted to further explore the mechanism of IBD in future research endeavors.
In conclusion, the ePeC endotoxin can promote TLR2 and TLR4 expression and increase cell membrane permeability in the IeC. In contrast, bifidobacteria can inhibit TLR2 and TLR4 expression and prevent TLR mediated inflammation. Individualized use of a suitable probiotic may be helpful to design effective therapeutic strategies for symptom improvement in IBD.
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